Work in this laboratory has been recently directed towards the development of a new approach to the study of phospholipid-protein interactions in biological membranes. The method aims at the formation of covalent cross-links between adjacent molecules by the use of phospholipids carrying photoactivable groups (2, 4) . For in vivo studies, it is hoped to have available photoactivable fatty acid analogs which can be biosynthetically incorporated into the phospholipids of biological membranes. Earlier it was shown that several synthetic aliphatic azido fatty acids can support the growth of an unsaturated fatty acid auxotroph of Escherichia coli (3) . A number of new fatty acid analogs have now been synthesized, and we report here the results on their biosynthetic incorporation into bacterial phospholipids.
The biosynthetic utilization of the various synthetic fatty acid analogs was determined by their ability to support the growth of E. coli K1060-B5 (fadE fabB thi) on agar or in liquid culture. Table 1 of the azido fatty acids into prototropic strains was less (about 25%) than in the mutant.
The uptake and incorporation of the fatty acids containing phenyl and phenoxy groups varied greatly (Table 1 ). Only 13-phenyl-13:0 and 13-phenyl-12-tridecynoic acid supported growth of isolated colonies on agar plates. A shorter-chain fatty acid with a terminal phenyl group, 11-phenyl-11:0, did not support growth at all, whereas the same molecule with a terminal phenoxy group was incorporated into phospholipids to a limited extent. The addition of an azido group to the phenoxy ring, 11(m-azidophenoxy)-11:0, led to extensive incorporation. However, this analog still did not support growth of isolated colonies on agar plates. Several unsuccessful attempts were made to enrich for strains capable of growth on agar by extensive subculturing in the presence of the analog in liquid media. The presence of a nitro group on the phenoxy ring completely inhibited incorporation.
We have recently demonstrated that fatty acids containing carbene-generating groups are particularly useful for photoactivated in situ cross-linking (C. M. Gupta, R. Radhakrishnan, G. E. Gerber, W. L. Olsen, S. C. Quay, and H. G. Khorana, submitted for publication). Attempts to incorporate the two analogs containing carbene precursors, 11(m-diazirinophenoxy)-11:0 and 12(trifluoro-2-diazopropionyl)-12:0, into bacterial phospholipids'unfortunately were not successful (Table 1) . Although structurally the diazirinophenoxy group is not too dissimilar from the azidophenoxy group, we have not found conditions for its incorporation into bacterial phospholipids. Figure 1 shows the growth of strain K1060-B5 in the presence of the 13-phenyl-13:0 and 11-phenoxy-11:0 analogs. At all temperatures, unsupplemented cells grew slowly for about two to three generations before the concentration of 71.9 68.0 a E. coli K1060-B5 (fadE fabB thi) is an unsaturated fatty acid auxotroph that also contains undefined mutations which allow it to grow on trans-unsaturated (5) and branched-chain fatty acids (7) . Cultures were grown at 37°C in Vogel-Bonner salt medium (8) supplemented with 0.2% glycerol, 0.002 mM thiaminehydrochloride, and 0.04% Brij 58. Casamino Acids (Difco Laboratories) when added were used at 0.2% (wt/vol). Oleic acid was obtained from Sigma Chemical Co., and 11-phenyl-11:0 was from Eastman Chemical Corp. The other fatty acids were synthesized in our laboratory and have previously been described (4) . Fatty acids in stock solutions of 20 mg/ml of 80% ethanol were added to the cultures at concentrations of 50 to 100 jig/ml. Cultures were routinely tested for reversion, before and after uptake experiments, by streaking on agar plates with and without oleic acid. After three to four generations of growth, the cells were harvested and washed twice with fresh medium containing 0.04% Brij 58. Phospholipids were isolated from the cells by the procedure of Bligh and Dyer (1). The proportion of azido fatty acids in the phospholipids was estimated by comparing the adsorption band of the ester at 1,735 to 1,740 cm-' and the sharp azido band at 2,100 cm-'. Infrared spectra were recorded on a Beckman IR 4-210 spectrophotometer. The concentrations of the phenyl-and phenoxy-substituted fatty acids were determined by gas chromatography after transesterification. Table 1 . Cultures were incubated in glass side-arm flasks on a gyratory water-bath shaker, and growth was monitored by measurement of turbidity in a Klett-Somerson colorimeter. Growth at 42°C (A), 37°C (B), and 220C (C). Symbols: (0) 18:1 (oleic acid); (0) 13-phenyl-13:0; (J) 1l-phenoxy-11:0; (A) no fatty acid supplement. Table  1 . The cultures that received no fatty acid supplement were harvested after cell growth had ceased as determined by turbidity. For determination of the fatty acid composition of the isolated phospholipids, transesterification was carried out as previously described (2) and the fatty acid methyl esters were quantitated by gas chromatography using a column of SE30 (Applied Science Laboratories) at 150 to 200°C.
17cy and 19cy refer to the cyclopropane derivatives of 16:1 and 18:1. '*, Less than 1%.
In E. coli phospholipids, unsaturated fatty acids are normally present at the 2 position of the glycerol backbone (6) . The synthetic fatty acids described in Table 2 
